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bonds on the substrate might be harmful to inter- connections to chips that
are not to be removed. It Technical Field
has therefore been clear for some time that there is a need for apparatus
and methods for expediting s-'  This Invention relates to processes for
fabricat-   6   the selective removal of integrated circuit devices ing
electronic devices, and, more particularly, to  which are solder bonded at
a multiplicity of points methods for using robots to remove soldered ele-
to a substrate. It is important that such removal be ments from a
substrate.                           made in such a manner that one does
not cause spurious short circuits between adjacent bonding Background of
the Invention                   to  pads of the substrate and such that
remnant solder can be expediently removed after chip removal. Electronic
circuit systems are typically made     The U.S. patent No. 4,934,582
describes a by defining complex integrated circuit structures In  pick-up
tool for selectively picking up a single chip semiconductor chips, bonding
the chips to circuit  from a substrate by using the tool, first, to melt
the package substrates, and In turn bonding the pack-  15  solder bonding
the chip to the substrate. After the ages to printed circuit boards. For
Interconnection  solder has been melted, the chip is picked up by and
structural bonding, increased use is being    an applied vacuum, and
removed from the sub- made of "flip chip" technology, in which an in-
strate. It would be desirable to have an apparatus tegrated circuit chip is
soldered directly to the  and method for controlling the amount of solder
to surface of a substrate with the conductor pattern of  20  be melted
prior to removal of the chip, and which the chip facing the substrate. In
accordance with  could be automated so that manual control of each known
"surface mounting" techniques, a plurality  pick-up operation would not be
required. of solder "bumps" are formed on either or both the    According
to the present invention, there is chip and the substrate, and the bonding
is made   provided a method as defined in claim 1, or ap- by heating the
structure to melt (or reflow) the   25  paratus as defined in claim 8.
solder so that, when the solder hardens, the chip is  In accordance with
one embodiment of the bonded to the substrate. The bonded portions elec-
invention, a robotically controlled vacuum pick-up trically interconnect
circuits on the chip and the  tool is modified by connecting to it a load
cell that substrate as well as structurally bonding them.   generates a
signal indicative of stress on the pick- When the device package comprises
a ceramic  3o  up tool. The pick-up tool is directed toward the substrate
upon which a circuit has been defined   chip to be removed and movement is
stopped that makes connection with several chips mounted  when the load
cell generates a first signal indicative on it, the result is usually
referred to as a hybrid  bf a first level of stress. In addition to
stopping integrated circuit (HIC). To accommodate the high-  movement of
the pick-up tool, the first signal ac- er circuit density of modern chips,
there has arisen   35  tuates heating of the tool to a temperature
sufficient a demand for more complex circuitry on the sub-   to melt the
solder bonding the chip to the sub- strate than can conveniently be made on
a ceramic  strata. The melting of the solder bonds results in a substrate.
To meet these demands, workers have    reduction of stress on the tool
which causes the developed silicon substrates upon which denser    load
cell to generate a second signal indicative of > circuit patterns of two or
more levels can be   40  the second level of stress. The second signal ac-
foruped: such packages are still generally in the  tuates the vacuum of the
pick-up tool to cause developmental stage and are sometimes known as
adhesion of the chip to the pick-up tool. The sec- advanced VLSI packaging
(AVP).                    ond signal also initiates movement of the pick-up
An AVP package may typically comprise many    tool so as to remove the chip
from the substrate. chips each connected by a multiplicity of solder  45
It can be appreciated that, the sequence of bonds to a substrate to form
with the substrate a  operations can be readily implemented by auto-
complex system  or subsystem. Because of the      matic apparatus so as to
remove a desired chip complexity of the chips and of the circuit as a
from a substrate. Melting of the. solder can be whole, after the circuit
package has been assem-  made to be highly localized and highly controlled
bled, it is frequently found that one of the chips  5o  so as to prevent
molten solder from accidentally must be removed for repair or replacement.
This   short circuiting adjacent bonding pads on either the can be done by
either shearing or melting the     chip or the substrate. The remnant
solder is con- solder bonds, removing the chip, and then rebon-  trolled
for convenient removal after removal of the ding a replacement or repaired
chip using the     chip, and there is no significant effect by the pro-
surface mount techniques described previously. It  55  hess on neighboring
chips. These and other ob- is obvious that shearing the solder bonds would
be  jects, benefits and advantages of the invention will a difficult and
tedious task which would be likely to  be better understood from a
consideration of the 



damage the substrate. Melting all of the solder   following detailed
description taken in conjunction 2    3                 EP0476912 1
4 with the accompanying drawing.                    the invention, a load
cell 26 is rigidly coupled to the contact element 21 so as to generate
electrical Brief Description of the Drawing                  signals
indicative of stress on the contact element 21. Referring to FIG. 2, the
load cell 26 comprises ~'   FIG. 1 is a sectional view of a robotically
con-   8   two strain gauge portions 27 that respond to corn- trolled
vacuum  pick-up tool which has been     pression and two portions 28 that
respond to ten- modified in accordance with an Illustrative em-  sion.
These are connected as two of four arms of a bodiment of the invention;
resistance bridge in a known manner so as to FIG. 2 is a perspective view
of a load cell used  generate an output signal indicative of the force F in
the apparatus of FIG. 1;                so  transmitted to the load cell
26. FIG. 3 is a block diagram showing operation of     The vacuum pick-up
tool 11 of FIG. 1 is illus- the pick-up tool of FIG. 1;
tratively mounted in a Seiko robot, commercially FIG. 4 is an enlarged view
of part of FIG. 1,   available from Seiko Instruments USA, Torrance,
showing solder bonds interconnecting a portion  California. The movement In
three dimensions of of a chip with a portion of a substrate; and  is  the
pick-up tool 11 is controlled in a known manner FIG. 5 is a graph of force
on the pick-up tool of  so as to permit contact element 21 to contact a
FIG. 1 as a function of time.                   selected one of the
integrated circuit chips such as chip 12. Referring to FIG. 3, the robot is
controlled letalled Description                              by a computer
30 which thereby controls pick-up 20  tool 11. Electrical signals from the
load cell 26 are It is to be understood that, where appropriate,
transmitted to the computer and constitute an In- dimensions of certain
structures shown in the draw-  put. The computer also controls the heat
generated ings have been distorted for the purpose of Improv-  by heater 20
and receives temperature data from ing clarity and for promoting
understanding of the  the heater. invention.
28     In operation, the pick-up tool 11 is directed by Referring to FIG.
1, there is shown schemati-  the robot so as to come in contact.with a
selected cally and partially in section a robotically controlled
integrated circuit chip. When the contact element vacuum pick-up tool 11
that has been structurally  21 physically makes contact with chip 12, the
force modified in accordance with an illustrative embodi-  F on the load
cell of FIG. 2 immediately generates ment of the invention. The purpose of
the tool is to  30  an output. FIG. 5 is a graph of a curve 32 showing
contact an integrated circuit chip 12 bonded by   the force F in pounds on
the load cell as a function solder bonds 13 to a substrate 14, melt the
solder  of time; the signal transmitted by the load cell Is bonds, and
remove the chip from the substrate.  4 proportional to such force. When the
force exceeds Substrate 14 and integrated circuit chip 12, along  a first
threshold 33 such as, for example, 0.4 with adjacent integrated circuit
chips 16 and 17,  35  pounds, the computer 30 of FIG. 3 is programmed may
constitute part of an AVP module. That is, a  to stop vertical movement of
the pick-up tool and complex circuit on the surface of substrate 14 is
simultaneously to actuate heater 20 of FIG. 1. At interconnected by the
multiplicity of solder bonds  this point, contact element 21 is in contact
with 13 to a complex circuit on the surface of integrated  chip 12 and the
heater heats the chip via contact v   circuit chip 12 that faces the
substrate. The solder  40  element 21 so as to melt the solder bonds 13.
This bonds also provide structural support for the in-  has the effect of
reducing the stress on. pick-up tool tegrated circuit chip on the AVIP
module.         11, as manifested by the descending portion of A heater
element 20 surrounds a contact mem-   curve 32 of FIG. 5. When curve 32
crosses a ber 21 of the pick-up tool. It is intended that after  second
threshold 34, which may for example be the pick-up tool makes contact with
chip 12, heater  45  0.03 pounds, it generates a second. signal. The 20
heats the chip sufficiently to melt the solder  computer 30 of FIG. 3
responds to the second bonds so as to permit removal by vacuum pick up.
signal so as to actuate vacuum pick up, that is, to A vacuum is selectively
applied to a vacuum chan-  cause a vacuum to be formed in vacuum channel
nel 22 to permit chip pick-up and subsequent re-  22 of FIG. 1, which
causes the integrated circuit moval from the module.
so  chip 12 to adhere to the pick-up tool. The second Rotational movement
of the tool is selectively  signal also causes the pick-up tool to move
verti- provided by an electrical motor 24 which may be a  cally upwardly so
as to remove the chip 12 from 



motor known as Model No. RBE01500, commer-        the substrate.
Thereafter, the robot operates in the cially available from the Inland
Motor Company of  conventional manner to deposit integrated circuit Sierra
Vista, Arizona. A modular encoder 25 moni-  56  chip 12 in an appropriate
receptacle, and then to tors movement of the pick-up tool and may be
reposition the pick-up tool for another cycle of Model R80, commercially
available from the Renco  operation. Company of Goleta, California. In
accordance with                                - 3    5
EP0476912B1                       6 Referring to FIG. 4, there is shown an
enlarge-  of a load cell using strain gauges in a resistance ment of part
of the integrated circuit chip 12, the  bridge connection so as to generate
electrical sig- substrate 14 and solder bonds 13 of FIG. 1. In AVP  nals in
response to an applied mechanical load is -modules with which the invention
has been used,    also well understood in the art and therefore has S-4he
dimension a of each side of the bonding pads   5   not been described in
great detail. is one hundred microns, and the separation b be-     It Is to
be understood that various embodi- tween successive bonding pads is one
hundred      ments and modifications other than those explicitly microns.
The height h of each of the solder bonds  described may be used by those
skilled in the art is approximately ninety microns. The integrated
without departing from the spirit and scope of the circuit chip may be
eight millimeters on a side and   70  invention. "Load cell' as used herein
is intended to there may be as many as eighty bonding pads on    mean any
device or aggregate of devices such as each side of the chip. With eighty
bonding pads on  piezoelectric devices and strain gauges that gen- each
side of the chip, there may be as many as    erate an electrical signal in
response to an applied three hundred solder elements 13 between the
force. integrated circuit chip and the substrate; these sol-  15 der
elements are used for interconnection as well  Claims as for structural
bonding. One can appreciate that if the melting and lift off of the
integrated circuit chip  1. A method for removing an element (12) that are.
not carefully controlled, one runs a high risk of  has been bonded with
solder (13) to the sur- molten solder unintentionally short circuiting
adja-  20  face of a substrate (14) comprising the steps \.  cent bonding
pads, which is known as "bridging."      of: contacting the element with a
pick-up tool The invention uses a strain gauge to detect a      (11);
heating part (21) of the pick-up tool that point at which there is melting
to some suitable      contacts the element to a.temperature suffi- depth d
of the solder bonds 13. Such melting of       cient to melt the solder
(13); and using the the solder to a suitable depth results in a decline of
25  pick-up tool (11) to remove the element (12) curve 32 of FIG. 5 so as
to cross the threshold 34.  from the substrate (14); characterized by:
Thus, one is able to actuate the pick-up tool and        producing a first
signal.. in response to a remove the chip before there has been complete
first level of stress due to the contact of the melting of a major portion
of the solder bonds 13.    pick-up tool to the element; This greatly
reduces the likelihood of bridging and   so  using the first signal to
trigger the heating leaves on the substrate 14 predictable quantities of
of the pick-up tool to melt said solder, said remnant solder. The remnant
solder can in turn be     melting resulting in a second level of stress on
removed, for example, by the apparatus described      the pick-up tool
which is smaller than the first in the U.S. patent of Liu et al., No.
4,923,521       level of stress; granted May 8, 1990, and hereby
incorporated by   ss     producing a second signal in response to reference
herein. The Liu et al. patent describes a   the second level of stress;
method for using a heated solder wick for removing       and using the
second signal to actuate the solder remnants from substrate bonding pads by
pick-up tool to perform the step of removing capillary action.
the element from the substrate. Lug    Certain AVP modules with which I
have worked   40 have as many as twenty-four integrated circuit    2. The
method of claim 1 wherein: chips on a single substrate. It can be
appreciated       the element is an integrated, circuit chip. that the
electronics defined on such a module are quite complex and the chances are
fairly high that  3. The method of claim 1 wherein: it may be desired to
remove a single chip from the   45  the pick-up tool is a vacuum pick-up
tool; completed module. The invention can be used to           and a vacuum
is applied to the pick-up great advantage, particularly where there are a
tool in response to the second signal so as to 



large number of solder bonds separated by an          cause adhesion of the
element to the pick-up exceedingly small distance and it is imperative to
tool. avoid the bridging problem. The invention permits  50 the removal
without appreciably heating adjacent  4. The method of claim 3 wherein:
integrated circuit chips or their solder bonds. The      automatic control
circuits are used for operation of the robot for controlling the vacuum
heating the tool in response to the first signal pick-up tool Is well
understood in the art and there-  and for applying a vacuum in response to
the fore has not been described in great detail, but,  55  second signal.
from the foregoing, one skilled in the art may appreciate the ease with
which the invention can  5. The method of claim 4 wherein: be applied to
known robotic tools. The fabrication       the first signal stops movement
of the 4    *             I~~~~lll~~~~lll~fl~lDIII,, I  II, 5
EP0476 912 61                      6          c1 I    M   S Referring to
FIG. 4. there is shown an enlarge-  of a load cell using strain gauges in a
resistance ment of part of the integrated circuit chip 12. the  bridge
connection so as to generate electrical sig- substrate 14 and solder bonds
13 of FIG. 1. In AVP  nals In response to an applied mechanical load is
-nodules with which the Invention has been used,   also well understood in
the art and therefore has the dimension a of each side of the bonding pads
s   not been described in great detail. is one hundred microns. and the
separation b be-     It is to be understood that various embodi- tween
successive bonding pads is one hundred       ments and modifications other
than those explicitly microns. The height h of each of the solder bonds
described may be used by those skilled in the art is approximately ninety
microns. The integrated    without departing from the spirit and scope of
the circuit chip may be eight millimeters on a side and   To  invention.
'Load cell' as used herein is intended to there may be as many as eighty
bonding pads on     mean any device or aggregate of devices such as each
side of the chip. With eighty bonding pads on  piezoelectric devices and
strain gauges that gen- each side of the chip, there may be as many as
erate an electrical signal in response to an applied three hundred solder
elements 13 between the      force. integrated circuit chip and the
substrate; these sol-  is der elements are used for interconnection as well
Claims as for structural bonding. One can appreciate that if the melting
and lift off of the integrated circuit chip  1. A method for removing an
element (12) that are not carefully controlled, one runs a high risk of
has been bonded with solder (13) to the sur- molten solder unintentionally
short circuiting adja-  2o  face of a substrate (14) comprising the steps
cent bonding pads, which is known as "bridging."      of: contacting the
element with a pick-up tool The invention uses a strain gauge to detect a
(11); heating part (21) of the pick-up tool that point at which there is
melting to some suitable      contacts the element to a temperature suffi-
depth d of the solder bonds 13. Such melting of       cient to melt the
solder (13); and using the the solder to a suitable depth results in a
decline of  25  pick-up tool (11) to remove the element (12) curve 32 of
FIG. 5 so as to cross the threshold 34.   from the substrate (14);
characterized by: Thus, one is able to actuate the pick-up tool and
producing a first signal in response to a remove the chip before there has
been complete        first level of stress due to the contact of the
melting of a major portion of the solder bonds 13.    pick-up tool to the
element; This greatly reduces the likelihood of bridging and   30  using
the first signal to trigger the heating leaves on the substrate 14
predictable quantities of  of the pick-up tool to melt said solder, said
remnant solder. The remnant solder can in turn be     melting resulting in
a second level of stress on removed, for example, by the apparatus
described      the pick-up tool which is smaller than the first In the U.S.
patent of Liu et al., No. 4,923,521       level of stress; granted May 8,
1990, and hereby incorporated by   35      producing a second signal in
response to reference herein. The Liu et al. patent describes a   the
second level of stress; method for using a heated solder wick for removing
and using the second signal to actuate the solder remnants from substrate
bonding pads by        pick-up tool to perform the step of removing
capillary action.                                     the element from the
substrate. Certain AVP modules with which I have worked   40 have as many
as twenty-four integrated circuit     2. The method of claim 1 wherein: 



chips on a single substrate. It can be appreciated       the element is an
integrated circuit chip. that the electronics defined on such a module are
quite complex and the chances are fairly high that  3  The method of claim
1 wherein: it may be desired to remove a single chip from the   45  the
pick-up tool is a vacuum pick-up tool; completed module. The invention can
be used to            and a vacuum is applied to the pick-up great
advantage, particularly where there are a       tool in response to the
second signal so as to large number of solder bonds separated by an
cause adhesion of the element to the pick-up exceedingly small distance and
it is imperative to    tool. avoid the bridging problem. The invention
permits  50 the removal without appreciably heating adjacent   4. The
method of claim 3 wherein: integrated circuit chips or their solder bonds.
The       automatic control circuits are used for operation of the robot
for controlling the vacuum     heating the tool in response to the first
signal pick-up tool is well understood in the art and there-  and for
applying a vacuum in response to the fore has not been described in great
detail, but,  55  second signal. from the foregoing, one skilled in the art
may appreciate the ease with which the invention can   5. The method of
claim 4 wherein: be applied to known robotic tools. The fabrication
the first signal stops movement of the 4    EP O 4TO 912 B138!    111111 "1
illsl I1 I!U pick-up tool;                                      signal. and
the second signal initiates movement of the pick-up tool.
12. The apparatus of claim 11 further comprising: means responsive to the
first signal for -  6. The method of claim 1 wherein:               5
stopping movement of the.pick-up tool; the first and second signals are
produced           and means responsive to the second sig- by a load cell
(26) comprising at least one         nal for initiating movement of the
pick-up tool. strain gauge (27, 28). 13. The apparatus of claim 8 wherein:
7. The method of claim 6 wherein:             to          the load cell
(26) comprises a strain gauge the load cell comprises a pair of strain
(27, 28). gauges connected as arms of a resistance bridge.
14. The apparatus of claim 13 wherein: the load cell comprises, first and
second 8. Apparatus for removing an element (12) that  15     strain gauges
connected as arms in a resis- has been soldered to the surface of a
substrate    tance bridge. (14) comprising: a pick-up tool (11); means for
causing the pick-up tool (11) to contact and    PatentansprUche bear
against the soldered element (12); means (20) for heating part of the tool
to a tempera-  20  1. Verfahren zur Entfernung eines Elements (12), Hi:
ture sufficient to melt the solder bonding the     welches mit Lot (13) an
die OberflAche eines element to the substrate; and means for ac-
Substrats (14) gebondet worden ist, mit folgen- tuating the pick-up tool
and for causing the        den Schritten: pick-up tool to remove the
element from the        das Element wird mit einem Aufnahmewerk- substrate;
characterized by:               25       zeug (11) bershrt; a load cell
(26) connected to the pick-up       der Tell (21) des Aufnahniewerkzeuges,
der tool;                                               das Element
berUhrt, wird. auf eine genUgend means comprising the load cell for gen-
hohe Temperatur zum Schmelzen des Lots erating a first signal indicative of
a first rela-  (13) erhitzt; tively high level of stress on the pick-up
tool;    30  das Aufnahmewerkzeug (11) wird zur Entfer- means (30)
responsive to the first signal       nung des Elements (12) von dem
Substrat (14) for actuating the heating means (20). said heat-    benutzt;
ing resulting in a second level of stress on the   gekennzeichnet durch
folgende Schritte: pick-up tool that is smaller than the first level  in
Abhdngigkeit von einem ersten Pegel der of stress;
35      mechanischen Spannung infolge der Berlh- means comprising the load
cell responsive       rung des Aufnahmewerkzeuges an dem Ele- 



to the second level of stress for generating a      ment wird ein erstes
Signal erzeugt; second signal;                                     das
erste Signal wird zur Auslosung der Auf- and means (30) responsive to the
second         heizung des Aufnahmewerkzeuges verwendet, signal for
actuating the pick-up tool and for  4o  um das Lot zu schmelzen, wobei das
Auf- initiating said removal of the element from the    schmelzen zu einem
zweiten Pegel der me- substrate.
chanischen Spannung an dem Aufnahmewerk- zeug fihrt, welcher kleiner
als.der erste Pegel 9. The apparatus of claim 8 wherein:
der mechanischen Spannung ist; the element is an integrated circuit chip.
45  in Abh~ngigkeit von dem zweiten Pegel der mechanischen Spannung wird
ein zweites Si- 10. The apparatus of claim 8 wherein:                  gnal
erzeugt; the pick-up tool is a vacuum pick-up tool;      das zweite Signal
wird zur. BetAtigung des Auf- and further comprising;
nahmewerkzeugs verwendet, um den Schritt means responsive to the second
signal for  so   des Entfernens des Elements. von dem Sub- applying a
vacuum to the pick-up tool, thereby     strat auszufUhren. causing adhesion
of the element to the pick-up tool.
2. Verfahren nach Anspruch 1, worin das Element ein integrierter
Schaltungs- 11. The apparatus of claim 10 further comprising:    55  chip
ist. automatic control circuits for heating the tool in response to the
first signal and for    3. Verfahren nach Anspruch 1, applying a vacuum in
response to the second        worin das Aufnahmewerkzeug ein Vakuumauf- 5
9                 EP 0 476 912 B1                      1 10   !    LiI
N11.111 N  111 nahmewerkzeug ist und Vakuum an das Auf-            Pegel
der mechanischen Spannung !st; nahmewerkzeug  in Abhangigkeit von dem
eine Einrichtung umfalt die Lastzelle und zweiten Signal angelegt wird, um
die Adh~sion       spricht auf den zweiten Pegel der mechani- des Elements
an dem Aufnahmewerkzeug zu            schen Spannung zur Erzeugung eines
zweiten bewirken.                                  6        Signals an;
eine Einrichtung (30) spricht aut das zweite 4. Verfahren nach Anspruch 3,
Signal an und betatigt des Aufnahmewerkzeug worin automatische
Steuerschaltungen zur Auf-       und initliert die Entfernung des Elements
von heizung des Werkzeugs in Abhangigkeit von          dem Substrat. dem
ersten Signal und zur Anlage eines Vaku-  io urns in Abhangigkeit von dem
zweiten Signal     9. Vorrichtung nach Anspruch 8, verwendet werden.
worm das Element ein Integrierter Schaltungs- chip !st. 5 Verfahren nach
Anspruch 4, worin das erste Signal die Bewegung des Auf-  is  10.
Vorrichtung nach Anspruch 8, nahmewerkzeugs stoppt und des zwelte Signal
worln des Aufnahmewerkzeug eln Vakuumauf- die Bewegung des
Aufnahmewerkzeugs veran-           nahmewerkzeug darstellt und eine
Einrichtung lalt.                                              aufweist,
die auf das zweite Signal anspricht, um ein Vakuum an des Aufnahmewerkzeug
6. Verfahren nach Anspruch 1,                  20      anzulegen, wobei die
Adhasion des Elements v     worin das erste und das zweite Signal von
am Aufnahmewerkzeug bewirkt wird. elner Lastzelle (26) erzeugt werden, die
minde- stens einen DehnungsmeBstreifen oder ein        11. Vorrichtung nach
Anspruch 10,. Dehnungsme~gerdt (27, 28) aufweist.
gekennzeichnet durch automatische Steuer- 25      schaltungen zur Erhitzung
des Werkzeugs in 7. Verfahren nach Anspruch 6,
Abhangigkeit von dem ersten Signal und zur worin die Lastzelle zwei
Dehnungsmel3streifen       Anlage elnes Vakuums in Abhanglgkeit von umfa8t,
die als Arme elner WiderstandsbrUcke       dem zweiten Signal. verbunden
sind. 3o  12. Vorrichtung nach Anspruch 11, a  Vorrichtung zur Entfernung
elnes Elements           dadurch gekennzeichnet, daB eine Einrichtung 



(12). des an die Oberflache elnes Substrats         auf des erste Signal
anspricht, um die Bewe- (14) gel8tet worden ist, mit folgenden Merkma-
gung des Aufnahmewerkzeuges zu stoppen, len:
und daB esine Einrichtung auf des zweite Signal ein Aufnahmewerkzeug (11);
35       anspricht, um die Bewegung des Aufnahme- eine Einrichtung, um des
Aufnahmewerkzeug           werkzeugs einzuleiten. (t1) am gel6teten Element
(12) anzulegen und zu drUcken;                                     13
Vorrichtung nach Anspruch 8, eine Einrichtung (20) zur Erhitzung eines
Teils     worin die Lastzelle (26) eine Dehnungsmelvor- des Werkzeugs auf
eine gen~gende Tempera-  40       richtung (27, 28) umfa~t. tur zum
Schmelzen des Lots, welche des Ele- ment an des Substrat bindet, und sine
Einrich-  14. Vorrichtung nach Anspruch 13, tung zur Betatigung des
Aufnahmewerkzeugs,          worin die Lastzelle erste und zweite Dehnungs-
um dieses dazu zu bringen, das Element von          meBstreifen aufweist,
die als Arme In einer dem Substrat zu entfemen,                  45
Widerstandsbricke geschaltst sind. gskennzeichnet durch folgende MaBnahmen:
eine Lastzelle (28) ist mit dem Aufnahmewerk-   RevendIcations zeug
verbunden; sine Einrichtung weist die Lastzelle auf, urn ein  1. Proc~d6
pour retirer un 616ment (12).qui a Mt6 erstes Signal zu erzeugen, das fir
einen er-  so    attache avec de la soudure (13) A la surface sten, relativ
hohen Pegel der mechanischen          d'un substrat (14) comprenant les
6tapes sui- Spannung am Aufnahmewerkzeug kennzeich-             vantes:
venir en contact avec l'dldment A I'aide nend ist;
d'un outil de prehension (11); chauffer la partie sine Einrichtung (30)
spricht auf das erste Si-    (21) de l'outil de prehension qui vient en
gnal an und betltigt die Heizeinrichtung (20),  55  contact avec l'dlment
jusqu'a une temperatu- wobei die Aufheizung zu einem zweiten Pegel
re suffisante pour faire fondre la soudure (13); der mechanischen Spannung
an dem Aufnah-            et utiliser l'outil de prehension (11) pour
retirer mewerkzeug f0hrt, der kleiner als der orste        l'4lement (12)
du substrat (14); caractrise par: 6    11                EP 0 476 912 B1
12      C    L    llllR l 111111 production d'un premier signal en reponse
en contact avec et d peser contre l'dl6ment a un premier niveau de
contrainte dO au            soude (12); un moyen (20) pour chauffer une
contact de l'outil de prehension avec l'element;    partie de l'outil
jusqu'a une temperature suffi- utilisation du premier signal pour ddclen-
sante pour falre fondre ia soudure attachant cher la chauffe de l'outil de
prehension pour   5   I'6l6ment au substrat; et un moyen pour ac- faire
fondre ladite soudure, ladite fusion rdsul-  tionner l'outil de prehension
et pour inciter tant en un deuxibme niveau de contrainte sur        Poutil
de pr6hension A retirer I'6i6ment du l'outil de prehension qui est plus
faible quo le   substrat; caractbris6 par: premier nlveau de contrainte;
un captour de force (26) relid a l'outil de production d'un douxibme signal
en repon-   10  prdhension; se au deuxibme niveau de contrainte;
un moyen comprenant le capteur de force et utilisation du deuxibme signal
pour ac-      pour engendrer un premier signal indicatif d'un tionner
l'outil de prehension pour r6aliser I'dta-  premier niveau de contrainte
relativement die- pe de retrait de l'6l6ment du substrat.             ve
sur l'outil de prehension; 16         un moyen (30) sensible au premier
signal 2. Proc6d, de la revendication 1 caract6ris6 en        pour
actionner le moyen de chauffe (20), ladite ce quo:
chauffe r4sultant en un deuxieme niveau de 1'616ment est une puce de
circuit int~gr6.      contrainte sur l'outil de prehension qui est plus
faible quo le premier niveau de contrainte; 3. Proc6d6 de la revendication
1 caract6rise en   20       un moyen comprenant le capteur de force ce quo:
sensible au deuxibme niveau de contrainte l'outil de prehension est un
outil de pre-      pour ongendrer un deuxieme signal; hension par le vide;
et un moyen (30) sensible au douxlbme et le vide est appliqu6 a l'outil de
pr6hen-    signal pour actionner l'outil de prehension et sion en r6ponse
au deuxibme signal de fagon   26    pour amorcer ledit retraitde l'el bment
du subs- a provoquer P'adhision de I'6lment a l'outil de   trat. 



pr6hension. 9. Appareil de la revendication 8 caracterise en 4. Proc"d4 de
la revendication 3 caract~risd en        ce quo: ce quo:
30          I'6liment est une puce de circuit integre. des circuits de
commande automatique sont utilisds pour chauffer l'outil en rdponse au  10.
Appareil de la revendlcation 8 caracteris4 en premier signal et pour
appliquer le vide on         ce quo: reponse au deuxieme signal.
Poutil de prdhension est un outil de pr6- 35      henslon par le vide; et
comprend de plus; 6. Procedd  de la revendication 4 caract6risd en
un moyen sensible au deuxibme signal ce quo:
pour appliquer le vide A .outil de pr~hension, le premier signal arrete le
mouvement de        provoquant de ce fait l'adhesion de l'6lment A I'outil
de prehension;                             I'outil de prdhension. et le
deuxibme signal amorce le mouve-  40 ment de l'outil de prdhension.
11. Appareil de la revendication 10 comprenant de ) roc~d6 do Ia
revondication 1 caract~ris6 en       plus: 6. Procddd do la revendication I
caracteris6 en            des circuits de commando automatique ce quo:
pour chauffer l'outil en r6ponse au premier les premier et deuxibme signaux
sont pro-  45   signal et pour appliquer le vide en reponse au duits par un
capteur de force (26) comprenant       deuxibme signal. au molns une jauge
de contrainte (27,28). 12. Appareil de la revendication 11 compronant de 7.
Proc6d6 de la revendication 6 caracterise en        plus: ce quo:
so          un moyen sensible au premier signal pour le capteur de force
comprend une paire de       arreter le mouvement de l'outil de prehension;
jauges de contrainte connectees en tant quo            et un moyen sensible
au deuxieme signal bras d'un pont de rdsistance.                       pour
amorcer le mouvement de l'outl de pre- hension. 8. Appareil pour retirer un
6lement (12) qul a td   55 soud6 a la surface d'un substrat (14) compre-
13. Appareil de la revendication 8 caractdrisi en nant: un outil de
prehension (11); un moyen         ce quo: pour inciter l'outil de
prdhension (11) A venir        le capteur de force (26) comprend une 7
13                EP 0 476 912 B1                     14    *       c jauge
de contrainte (27,28). 14. Appareil de la revendication 13 caract&ris6 en
ce que: le capteur de force comprend une premib    v re et une deuxibme
jauges de contrainte connect6es on tant quo bras dans un pont de
resistance. 10 15 20 25 30 35 40 45 50 55 8    


